Background: This study investigates differences in treatment and outcome of ventilated patients with acute respiratory distress syndrome (ARDS) between university and non-university hospitals in Germany. Methods: This subanalysis of a prospective, observational cohort study was performed to identify independent risk factors for mortality by examining: baseline factors, ventilator settings (e.g., driving pressure), complications, and care settings-for example, case volume of ventilated patients, size/type of intensive care unit (ICU), and type of hospital (university/non-university hospital). To control for potentially confounding factors at ARDS onset and to verify differences in mortality, ARDS patients in university vs non-university hospitals were compared using additional multivariable analysis. Results: Of the 7540 patients admitted to 95 ICUs from 18 university and 62 non-university hospitals in May 2004, 1028 received mechanical ventilation and 198 developed ARDS. Although the characteristics of ARDS patients were very similar, hospital mortality was considerably lower in university compared with non-university hospitals (39.3% vs 57.5%; p = 0.012). Treatment in non-university hospitals was independently associated with increased mortality (OR (95% CI): 2.89 (1.31-6.38); p = 0.008). This was confirmed by additional independent comparisons between the two patient groups when controlling for confounding factors at ARDS onset. Higher driving pressures (OR 1.10; 1 cmH 2 O increments) were also independently associated with higher mortality. Compared with non-university hospitals, higher positive end-expiratory pressure (PEEP) (mean ± SD: 11.7 ± 4.7 vs 9.7 ± 3.7 cmH 2 O; p = 0.005) and lower driving pressures (15.1 ± 4.4 vs 17.0 ± 5.0 cmH 2 O; p = 0.02) were applied during therapeutic ventilation in university hospitals, and ventilation lasted twice as long (median (IQR): 16 (9-29) vs 8 (3-16) days; p < 0.001). Conclusions: Mortality risk of ARDS patients was considerably higher in non-university compared with university hospitals. Differences in ventilatory care between hospitals might explain this finding and may at least partially imply regionalization of care and the export of ventilatory strategies to non-university hospitals.
Background
Germany has the highest number of intensive care unit (ICU) beds and admissions per capita, and this has been related to the very low mortality due to sepsis compared with other countries [1] . Nevertheless, with the exception of one study performed in 1991 in Berlin [2] and studies including selected acute respiratory distress syndrome (ARDS) patients treated in referral centers [3] [4] [5] , the characteristics and outcome of unselected, ventilated patients in Germany remain unknown.
The Second International Study of Mechanical Ventilation (Second VENTILA study) was carried out in 23 countries, and one in five of the included patients originated from Germany. However, because Germany did not participate in the First VENTILA study, patients from Germany were excluded from the comparative analyses [6, 7] . Therefore, in 2004 when a hospital mortality of 63.2% was observed in patients with ARDS [7] , patients from Germany had not been included. Mortality in routine medical care, as reflected (at least partially) by observational cohort studies [6] [7] [8] [9] [10] [11] [12] [13] , is usually higher than in randomized trials [5, [14] [15] [16] [17] [18] [19] [20] in which, generally speaking, less severely ill patients are enrolled. Randomized trials [5, [14] [15] [16] [17] [18] [19] [20] are mainly conducted in university hospitals, as indeed are most observational studies [9] [10] [11] [12] [13] ; however, these university centers represent only a very small proportion of all hospitals in which ARDS patients are treated.
Many non-university hospitals participated in the Second VENTILA study, in which the hospital mortality of ARDS patients was 15.4% higher than that found in a Spanish study conducted mainly in university hospitals (Acute Lung Injury: Epidemiology and Natural History (ALIEN) study) [7, 11] . Non-university hospitals also participated in the King County Lung Injury Project (KCLIP study), in which the low hospital mortality of 41.1% was partially related to local healthcare settings with early discharge to other hospitals, or to skilled nursing/rehabilitation facilities with acute care beds [1, 21] . In this KCLIP study, mortality in the nonuniversity hospitals was 11.5% higher but patients were on average 17 years older and had higher illness severity scores compared with those in university hospitals [21] ; whether the setting independently affects the outcome of ARDS remains unknown [9, 12, [22] [23] [24] .
Many factors influence ARDS outcome including the underlying disease, appropriate treatment, and the use of protective ventilation [15, 16, 24, 26] . Different types of hospitals may implement lung protective strategies to varying degrees. Also, taking into account other variables that different hospitals may introduce (e.g., case volume or staffing), we hypothesized that the mortality risk for ARDS might be increased in nonuniversity hospitals compared with university hospitals, irrespective of patient characteristics or other factors. Therefore, this study aimed to determine whether different types of care settings have an impact on the survival of ARDS, and to assess differences in ventilatory care that might be related to ARDS outcome.
Methods
As part of the Second VENTILA study [7] , during a 1-month period we enrolled adult patients who were ventilated for at least 12 h invasively or 1 h non-invasively after admission to an ICU in Germany. All participating investigators and hospitals are listed in the Appendix. This study was approved by the ethical committee of the Medical School Hanover for all centers involved, and informed consent was waived (No. 3575).
ARDS was defined according to the American-European Consensus Conference; patients with acute lung injury (ALI) who did not progress to ARDS were not included in the analysis of the group diagnosed with ARDS [25] . On ICU admission, severity of illness was evaluated with the Simplified Acute Physiology Score II (SAPS II) and organ dysfunctions were evaluated daily as described by Esteban et al. [6] [7] [8] .
ARDS patients treated in university hospitals were compared with those treated in non-university hospitals. The main outcome was overall hospital mortality: the variables of ventilatory care, as well as the incidence and incidence rates of complications, were analyzed to explain potential differences in mortality. Therapeutic ventilation was identified to exclude days of weaning by selecting only those ventilator days with FiO 2 > 0.4 and PEEP > 5 cmH 2 O, which represented the minimum values as criteria for the start of weaning in the low tidal volume trial of the ARDS Network [16] . Depending on the distribution of data, Student's t test or the MannWhitney U test was used to compare continuous data, and the chi-square test or Fisher's exact test to compare proportions. The survival rate of ARDS patients was analyzed using the Kaplan-Meier method and the log-rank test was used to compare groups. p < 0.05 was considered statistically significant.
Multivariable analyses
As described in detail in Additional file 1, factors independently associated with increased hospital mortality were determined using explorative multivariable logistic regression in which two multivariable models for patients with and without ARDS were employed. Briefly, we first selected potential prognostic factors by means of univariable analyses when variables were associated with hospital mortality with p < 0.15 and, in addition, also by entering predefined variables of potential clinical importance following an expert-based selection process. Because entering too many predictors into a model and collinearity between predictors can lead to unstable coefficient estimation, we then grouped these selected variables into four variable categories: In Germany, a university hospital is organized by a federal state and is directly affiliated to a medical faculty with at least 150 new medical students per year and at least 60 professors teaching human medicine. Medical faculty and university hospitals are institutionally linked and cooperate within a joint governance structure. Research and teaching is institutionally ensured by a legal mandate with corresponding, independent funding. The hospital provides the infrastructure for all or most of the medical specialties that are necessary for teaching and research.
To select the variables for the final multivariable models we then performed multivariable analyses within each of these four variable categories separately for patients with and without ARDS. Only those variables contributing with p < 0.10 to the multivariable analysis per variable category were entered into the two overall final models, thereby correcting for collinearity of predictors.
In the group of patients with ARDS, the variables that contributed with p < 0.10 and were subsequently entered into the final model for multivariable logistic regression were: sex, SAPS II, driving pressure, FiO 2 , pH (mean values from the first week after onset of ARDS), lowest PaO 2 /FiO 2 , use of vasoactive drugs on 2 consecutive days, metabolic acidosis, hepatic failure, renal failure, and university/non-university hospital. (Building of the multivariable model for patients without ARDS is described in Additional file 1).
Finally, factors independently associated with hospital mortality were determined using a stepwise backward elimination procedure with a threshold of p < 0.05 according to Wald statistics. The goodness-of-fit of the final models was assessed using the Hosmer-Lemeshow test, and the discrimination ability was analyzed with reference to the receiver-operator characteristic (ROC), and its area under the curve (AUC) was calculated for the two final models for patients with and without ARDS.
Control for confounding to verify differences in mortality risk in ARDS patients
Additional to and separate from the analyses of independent risk factors, a potential difference in mortality between ARDS patients in university and non-university hospitals was confirmed by an additional confirmatory analysis. This independent examination controlled for potential predefined confounding factors present at the onset of ARDS (e.g., demographics, comorbidity, severity of lung injury) by means of multivariable logistic regression without further variable selection, thereby minimizing selection bias due to potential structural differences between the two groups as well as avoiding overadjustment for events occurring later during ventilation when searching for causality.
Predefined potential confounders were derived from the literature [6, 22, 23] and the authors' own analysis when factors were associated with the occurrence of ARDS (as presented in Table 1 ). Selection of those potential confounders eligible for statistical control was clearly defined a priori by means of clinical assessment, and not by statistical testing. The relevance of the differences between groups was only neglected when fulfilling the following predefined conditions: age < 2 years, SAPS II < 3 points, lung compliance < 3 cmH 2 O, PaO 2 /FiO 2 < 10 mmHg, or differences < 2% for categorical variables. Nevertheless, we included factors when the differences were low but the standard deviations or interquartile ranges differed considerably.
Based on these criteria, differences between the groups in, for example, gender, PaO 2 /FiO 2 at onset of ARDS, and prevalence of renal failure or respiratory acidosis at onset of ARDS were considered too small to distort the relationship with mortality and were not controlled for in the multivariable regression. In contrast, age, body mass index, SAPS II, main problem (medical/surgical), origin of ARDS (pulmonary/extrapulmonary), day of onset of ARDS, dynamic compliance at onset of ARDS, reasons for initiation of mechanical ventilation (postoperative ARF, ARF after aspiration, ARF after multiple trauma), and comorbidities or complications present until onset of ARDS (sepsis, pneumonia, cardiovascular failure, coagulation failure, liver failure, metabolic acidosis) were selected for statistical control of confounding.
To control for confounding, we performed a one-step multivariable logistic regression with hospital mortality as the outcome variable, and with the academic status of the hospital (university/non-university) and the potential confounders as covariates. The odds ratio (OR) was calculated as an effect measure for the mortality risk of ARDS patients in non-university hospitals compared with university hospitals. We added a sensitivity analysis to study the robustness of this multivariable model, varying the potential confounders by excluding factors or combinations of factors with missing values.
Results
During May 2004, 7540 patients were admitted to the 95 participating ICUs from 80 hospitals in 64 German cities. Of these, 1028 were ventilated for ≥ 12 h (13.6%; 95% CI 12.9-14.4%): 914 patients were ventilated invasively and 114 non-invasively (of whom 56% were intubated). The hospital mortality rate of these 1028 ventilated patients was 30.1% (95% CI 27-33%) (Additional file 1: Table S1 ). Table S1 Of all ventilated patients, 19.3% (2.6% of all ICU admissions) developed ARDS (n = 198). Patients with ARDS developed more complications and their hospital mortality (49.5%) was double that of patients without ARDS (Fig. 1 , Additional file 1: Tables S1 and S2). For ARDS patients, hospital mortality was 18.2% higher in non-university hospitals than in university hospitals; moreover, even ventilated patients without ARDS had higher mortality (i.e. 9.6%) in non-university hospitals ( Figs. 1 and 2 ).
Demographic characteristics, illness severity, and severity of lung injury in ARDS patients were similar in university and non-university hospitals, whereas late ARDS and complications until onset of ARDS occurred more frequently in the university hospitals (Table 1) . Independent from the baseline characteristics and from Fig. 2 Probability of survival of mechanically ventilated patients after the development of ARDS, in university and non-university hospitals (after Kaplan-Meier). ARDS acute respiratory distress syndrome, no. number Fig. 1 Mortality of mechanically ventilated patients during their stay in the intensive care unit (ICU) and hospital, in university and non-university hospitals. ARDS acute respiratory distress syndrome complications occurring later during ventilation, treatment in a non-university hospital was an important independent risk factor for increased hospital mortality in patients with ARDS (Table 2) , but not in patients without ARDS (Additional file 1: Table S3 ). Although each hospital was characterized in detail by the setting of care variables, these factors did not contribute to the increased mortality risk. This increased risk in nonuniversity hospitals was confirmed by an additional independent analysis, in which patient groups were compared between hospitals, and potential confounding factors at onset of ARDS were selected clinically and statistically controlled for. This one-step multivariable analysis showed similar and significant results, even when one or various combinations of factors controlled for were excluded in the sensitivity analyses (Table 3) .
Of all factors related to individual patient management, only the driving pressure and FiO 2 were identified as independent risk factors in ARDS patients, with a significantly increasing mortality risk of 10% for every 1 cmH 2 O increment of driving pressure and 62% for every 0.1 increment of FiO 2 ( Table 2) . Most of the ventilatory and gas exchange parameters were similar between the hospitals. However, during the first day after ARDS Table 4 ). Organ failure was also independently associated with mortality (Table 2) ; however, the incidence of organ failure and complications after onset of ARDS was considerably higher in the university hospitals (Table 5 ). Prone positioning, neuromuscular blocking, and volume-controlled ventilation were rarely used, whereas pressure-controlled ventilatory modes (mainly biphasic positive airway pressure (BIPAP)) and pressure support ventilation were applied for ≥75% of the ventilation days (Fig. 5 , Table 4 ). ARDS patients underwent tracheostomy twice as frequently and more often percutaneously in university hospitals, whereas there were no differences in other weaning characteristics (Table 6 ). In university hospitals, ventilation and length of stay in the ICU of ARDS patients lasted about twice as long (Table 6) , and fewer patients per ICU bed but more than twice as many ventilated patients per ICU were treated (Table 7) .
Discussion
Hospital mortality of ARDS patients in non-university hospitals was considerably higher than in university hospitals; moreover, treatment in non-university hospitals was an important risk factor in ARDS patients, increasing the mortality risk to an extent similar to that of renal failure, independent of illness severity, the occurrence of organ failure, or other variables. Although the study design was observational and, therefore, the two groups were not compiled by randomization, the remarkable difference in mortality was not due to differences between the groups; that is, in both groups patients were very similar with respect to important demographic and clinical criteria (e.g., age, SAPS II, underlying disease, and PaO 2 /FiO 2 at onset of ARDS). Even though the groups could not be equal based on the study design, when considering the predefined potential confounders at the onset of ARDS, the difference in mortality risk between university and non-university hospitals was still significant and substantial. Our study seems to be the first to provide statistically robust evidence that ARDS treatment in non-university hospitals is associated with higher mortality compared with university hospitals. Decades ago, Lachmann [26, 27] suggested using ventilation modes that allow the lowest possible driving pressure in an open ARDS lung in order to prevent lung damage due to high shear forces between open and closed lung units. Driving pressure and FiO 2 , but neither PEEP nor other ventilatory variables, were independently associated with increased mortality in ARDS patients. Increasing driving pressure and FiO 2 reflect more severe stages of ARDS but also further aggravate lung injury [26] . Although increasing PEEP also reflects more severe stages of ARDS, low values increase mortality (as opposed to driving pressure and FiO 2 ) by further aggravating lung injury [15, 23, 26, 28] . This nonlinear relationship between mortality and PEEP in ARDS may explain that neither increasing nor decreasing PEEP was associated with increasing mortality in our multivariable analysis. However, adequate PEEP prevents atelectasis, The consistency of results of these sensitivity analyses indicates that this multivariable model including only potential confounders was robust with respect to alterations of included variables or to the corresponding changes of the study group To control for confounding only potential confounders were considered in this further multivariate model, including factors that differ between ARDS patients in university and non-university hospitals at onset of ARDS and also including those factors that did not differ significantly but only numerically between groups ( alveolar flooding, and collapse and is therefore a precondition for both lower driving pressures and FiO 2 by maintaining lung volume and area for gas exchange in ARDS [5, 23] . Then again, low PEEP results in higher driving pressures (due to less aerated lung volume), but also in higher FiO 2 to maintain oxygenation with a smaller area for gas exchange [15-22, 24, 26] . Accordingly, as in the present analysis, in the multivariable analysis performed by Ferguson et al. [23] of ARDS patients in the First VENTILA study, increases in FiO 2 (and not decreases in PaO 2 /FiO 2 ), with very similar ORs, were independently associated with mortality. Driving pressure was not included in this analysis by Ferguson et al. [23] , or in that of the KCLIP study [22] or in other multivariable analyses performed in ARDS patients [9, 12, 14] , with the exception of the recent analysis by Amato et al. [24] . These latter authors analyzed nine randomized ARDS trials (including 17-year-old data) and, as in the present analysis, also found that both driving pressure and FiO 2 were significantly associated with survival [24] . Our analysis is the first to confirm their findings and, surprisingly, our results are very similar despite the use of different methods (e.g., Amato et al. used the mean driving pressure of the first 24 h after randomization and we used the mean value of the first week after onset of ARDS in an observational study). In the present study, the OR that indicates increased mortality risk with higher driving pressure for ARDS patients in university hospitals corresponds to a very similar relative risk when compared with Amato et al. [24] (Additional file 1: Figure S1 ). Although any comparisons between studies across national borders must be interpreted with considerable caution, the increased mortality found in German nonuniversity hospitals was not excessively high but was very similar to other observational studies (despite higher age and SAPS II) [9, 10] ; in contrast, despite SAPS II being 13 points higher, mortality of ARDS in non-university hospitals was 5.7% lower compared with the other 22 countries of the Second VENTILA study [7] . Therefore, in the present study, the considerable difference in mortality between the university and nonuniversity hospitals cannot be attributed to exceedingly high mortality in the non-university hospitals but rather to the relatively low mortality rate of 39.3% in the university hospitals (being 8.5% lower than that in the ALIEN study [11] ).
In ventilated patients, organ failure is associated with increased mortality [6, 12, 14] and this was also the case in Fig. 5 Ventilatory modes used during the first week after the onset of ARDS in patients in university and non-university hospitals. Pressure support ventilation was used both more often and earlier in university hospitals than in non-university hospitals (see Table 6 for p values). A/C (VC-CMV) denotes assist/control (volume-controlled continuous mechanical ventilation), PCV (PC-CMV) pressure-controlled ventilation (pressure-controlled continuous mechanical ventilation), BIPAP/APRV biphasic positive airway pressure/airway pressure release ventilation, PSV pressure-support ventilation, SIMV synchronized intermittent mandatory ventilation, NIV non-invasive ventilation Remaining days for analysis of a total of 1249 days of mechanical ventilation after ARDS onset in university hospitals and 988 days in non-university hospitals (observation only during mechanical ventilation and up to 28 days after initiation of mechanical ventilation) the present analysis. Surprisingly, the outcome of ARDS patients in university hospitals was better even though organ failure and complications occurred considerably more often, even when taking into account different observation periods by comparing incidence rates rather than proportions. Finally, because the difference in mortality was not related to organ failure, complications, illness severity, or patient characteristics, the unequal outcome of ARDS is most likely related to differences in treatment practices. Ventilatory modes and adjunctive therapies did not differ sufficiently to really contribute to the unequal mortality, and there was only a trend for use of a higher FiO 2 in non-university hospitals. Tidal volumes and plateau pressures also did not differ between the groups, but PEEP was higher and driving pressure was lower in university hospitals during therapeutic ventilation. In the German university hospitals, driving pressures of about 15 cmH 2 O were similar to those in the ALIEN study [11] and in the meta-analysis performed by Briel et al. [28] , despite tidal volumes being higher to the extent of 2 and 2.6 ml/kg predicted body weight, respectively. However, in contrast to the present analysis, higher PEEP did not lead to lower driving pressures in the meta-analysis by Briel et al., and the authors found a difference in mortality rate of only 5% [28] . In our study, because higher driving pressures and FiO 2 were independently associated with increased mortality, and because higher PEEP is the precondition to reduce both variables, the differences in ventilatory therapy between university and non-university hospitals may partially explain the unequal outcome of ARDS patients. In the university hospitals, the duration of ventilation and ICU stay was similar to that in the ALIEN study [11] and twice as high as that in non-university hospitals. The higher rate of complications in university hospitals may be a result of, but also a contributory cause of, longer ventilation. Non-invasive ventilation after extubation, reintubation rates, timing of tracheostomy, and other weaning characteristics did not differ between groups. However, in the university hospitals, tracheostomy was performed twice as frequently and more often percutaneously, and this is reported to be associated with a lower risk of wound infection than a surgical tracheostomy [29] . The difference in ICU mortality between university and non-university hospitals was not significant, and only half that of the difference in overall hospital mortality. Although the reason for this considerably increased difference in mortality after ICU discharge remains unknown, a possible explanation could be that in non-university hospitals the ventilatory therapy was too short and discharge from the ICU too early for some of the patients. This may lead to reconsideration about the sufficient duration of ventilation and ICU therapy when patients develop ARDS, rather than focusing on surrogate outcomes such as ventilator-free days [17, 18] . In the ICUs of the university hospitals more than twice as many ventilated patients per ICU were treated compared with non-university hospitals; however, the percentage of ventilated patients was still considerably less compared with other countries [6, 7] . Kahn et al. [30] demonstrated that the high case volume of ventilated patients is independently associated with better survival in nonsurgical patients. This annualized hospital volume cannot be directly compared with our case volume of ventilated nonsurgical and surgical patients per ICU, because most of our hospitals had various ICUs that did not participate in the present study; therefore, our ICU volume does not fully represent hospital volume. In patients without ARDS, this ICU volume was an independent risk factor with a significantly decreasing mortality risk of 18% for every increment of 10 ventilated patients per month. In patients with ARDS, the ICU volume was not independently associated with mortality, which does not prove a missing association between case volume and mortality. On the other hand, some ICUs with a very low case volume of ventilated patients were included and this is likely to be an important factor.
Apart from mechanical ventilation, many other aspects of treatment are important for the outcome of these severely ill patients, and these items may also differ between hospitals. This includes, in particular, the effective and perhaps more time-consuming multidisciplinary treatment of both underlying diseases and complications, the presence of trained physicians and intensivists, an adequate nurse-topatient ratio and staff workload, the implementation of protocols, as well as other factors that were not assessed in the Second VENTILA study [13, [31] [32] [33] .
Limitations
The idea for this present analysis came rather late and took a considerable amount of time, and the data are now more than 10 years old. However, due to an increasing lack of physicians, many non-university hospitals included in the present analysis did not participate in the more recent VENTILA studies [8] ; therefore, these data from 2004 are still the best data available. Moreover, this is the last study undertaken before Data presented as n (%) or median (interquartile range) ICU intensive care unit extracorporeal lung assist devices were widely introduced in Germany, with a possible impact on outcome [34] . However, it is unknown whether our findings can be extrapolated to other countries and to what extent they represent the current state of therapy in Germany. In addition, the enormous difference in the duration of ventilation which goes in the opposite direction to mortality, and the extremely high number of reintubations in both university and non-university hospitals, may also indicate that considerable caution is required when transferring our data to other settings. Tidal volumes were high and did not differ between the groups but non-university hospitals used less lung protective ventilation; this might suggest slower implementation of lung protective strategies at that time compared with university hospitals, whereas this might not be true today. Nevertheless, the Large Observational Study to Understand the Global Impact of Severe Acute Respiratory Failure (LUNG SAFE) showed that, in 2014, there were still major problems with the diagnosis of ARDS and the implementation of lung protective ventilation [35] . Potential bias due to selection is a further limitation of our analysis as we included only those hospitals that volunteered to participate. Nevertheless, the 80 participating hospitals were located throughout Germany and nonuniversity hospitals were not underrepresented as compared with other observational studies [9] [10] [11] [12] [13] but, conversely, constituted ≥75% of the participating hospitals thereby including ≥50% of the ARDS patients.
Conclusions
The care setting had an important impact on ARDS outcome, as the mortality risk in non-university hospitals was sometimes even tripled compared with that in university hospitals. Differences in ventilatory care included: a 2 cmH 2 O higher PEEP combined with a 2 cmH 2 O lower driving pressure; ventilation that lasted twice as long in university hospitals; and the case volume of ventilated patients per ICU was more than doubled in university hospitals compared with that in non-university hospitals. The combination of lower driving pressure with higher PEEP, and other approaches to reduce both driving pressure and FiO 2 , represent prognostically relevant treatment goals in ARDS that are exportable to nonuniversity hospitals. In addition, our results may also indicate the need to further examine those practices common in university hospitals that favor better outcome in ARDS, as they may be transferable to non-university hospitals.
